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What doesit taketo determinetheweak phase
of t quark in b — d penguins?

Comparing this phase with the phase of Bg-B_g mixing will test the
presence of New Physics (NP)

Wefirst set up some notation. The time-dependent decay rate for

aBJ(t) to decay into afinal state f is

AP+ A AP AP
2 2

“Im <%A*A_> sin(AI\/It)]

rBt) — f)=e't [ cos(AMt)

Removethe mixing phaseby redefining amplitudes, A— e PA A—
e BA. Time dependent measurement allows oneto extract |A, |A|

and Im(A*A)

1). BI(t) — K°KO

B) — K°KOisapureb — d penguin.
Study of thetime-dependent decay rate gives 3 observables |A|, |A|

and Im(A*A), where

dPA(BS — K°KDO)

A
A = e PABY — KXKDO).

A = g% (P, eP 4 Py, dOu0) g ioney
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A has5 unknowns. However (3 can be independently measured in
BO(t) — WKe.

5—-3-1=

2). Isospin Analysis of B — 1Tt

Amplitudes for the decays B — 1", By — m°n® and B —
10 form atrianglein isospin space

1 .
— AT+ AV = ATO 2 congtraints,

V2

with a similar trianglerelation for the conjugate decays:

1 — = = |
AT AR A0 2 constraints.

V2
BY — 1, T receives contributions from a tree diagram and
a b — d penguin diagram. Using unitarity to eliminate the V} Vg
piece of the penguin diagram, we can write
1

V2
A0 _ %P (Tooei(aoo—ap)e—ia B Peiape—ieNp) 7
ATO — dd (T+—ei(6+——6p) _|_-|—00ei(600—6p)>e—i0( _
T's include u quark piece of the penguin amplitude. The mag-
nitudes of the six amplitudes |A"~|, |A%], |A*0|, |A*~|, |A%| and
|A_—0 , can be measured experimentally. In addition one can mea-
sure 5 relative phases between these quantities.

A+— — e|5p (T+—ei(6+_—6p)e—ia + Pe—ieNp> :




Thereishowever onefurther constraint |A™°| = |A |

7—(11-5) =

3). Dalitz Plot Analysisfor B — 31t

Here B — prtamplitudesarethe key ingredients. I sospin allows
one to relate neutral B — prtdecays to charged B — p1t decays.
Defining

S = dPV2ABT — pf1l),
S, = éPv2ABt — prth)
S = PABS — pfm),
S = PABI o p ),
S = dP2ABY — pr0) |

Eliminating the V} Vcq piece, the above amplitudes can be written
explicitly asfollows:

S_I. — T+Oei6+0e—ia+2P1ei61e—ieNp,

= T0+ei60+e—ia . 2P1ei61e—ie|\|p :

= T+ &% g% 4 pdhig e | pyglogione

— T—+ei6_+e—ia . Plei51e—i9|\|p + Poeiéoe—ieNp ,

— _T+ @ g _T+dd Tgria T 00" %g-ia

1T % g0 2pydog e
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The Dalitz plot of the it 1 final state contains enough infor-
mation to determinethe magnitudesand relative phases of the six

amplitudes S, S, S, 8_3 S and §5 S, S, §1 and S_z can be ob-
tained from an analysis of the Dalitz plot of " 1°m®. Thus, there

are nominally 19 measurements, 10 amplitudes 9 phases.

There are however constraints:

e |1S0Spin pentagon relations,
S+S=S+5+S5 2 congraints,

§1+§2:§3+§4+§, 2 condraints,
mean S and 8_5 are not independent. This removes 4 mea-
surements.

e We have the equality |S, + S| =[S, + S;|. This removes one
mor e measur ement.

e It iseasy to verify the complex equality
$S-S-S_S+S
S-$%-S S+$S

Thisremoves 2 more measurements.

13— (19— 7) =

4). Angular Analysis of B — VV Decays
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The fundamental quantitiesin all observables are the six am-
plitudes A, and A,, A = 0, L, ||. The most one can measureistheir
magnitudesand relative phases, for atotal of 11 independent mea-
surements.

The total number of theoretical parameters in the decay am-
plitudes are 13: [3, By, 6 magnitudes of amplitudes — 2 for each
of the 3 helicity, and 5 relative strong phases. Assuming that 3 is
independently measured reduces one unknown.

13-1-11=1

We still have one more unknown than there are measurements.

Conclusion:

It Is possible to obtain the weak phase of the
penguin contributions, If one makes a single as-
sumption involving the hadronic parameters. \ith
such an assumption, one can test for the pres-
ence of new physicsinthe b — d flavour-changing
neutral current by comparing the weak phase of

BS-B2 mixing with that of the t-quark contribu-
tion to the b — d penguin.



